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Abstract 
A second sipS2(BA) gene was PCR cloned from Bacillus amyloliquefaciens. The deduced aa sequence is similar to those of the 
SPases of B. subtilis, B. amyloliquefaciens, andB. licheniformis and the domain structure of the gene has been preserved. A low level of 
monocistronic gene transcription could be shown using Northern analysis. The sipS2(BA) gene was mapped to a region downstream of an 
E. colifruA gene homologue and shown to express a 21 kDa protein in Escherichia coli. 
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Signal peptidases (SPases) are membrane-bound pro- 
teinases that remove targeting (signal) peptides from secre- 
tory (pre-)proteins and play a central role in the transloca- 
tion of proteins through membranes [1-3]. They constitute 
a new (serine) proteinase family with unique substrate 
specificity and limited sequence similarity [4-6]. Although 
the sipS gene was shown to encode a type I SPase in 
Bacillus subtilis, its amino-acid sequence, domain struc- 
ture, and substrate specificity were distinct from those of 
Escherichia coli Lep(EC), Salmonella typhimurium 
Lep(SY), and Pseudomonas fluorescens (LepPF) counter- 
parts [3,4,7]. Moreover, Van Dijl et al. [8] have proposed 
the existence of two type I SPases in B. subtilis from the 
fact that a sipS gene deletion mutant could still process 
and secrete proteins. Here we report the cloning and 
Abbreviations: aa, Amino acid(s); bp, base pair(s); fruA, E. coli gene 
encoding enzymc-II of the fructose specific phospho enolpyrovate-depen- 
dent sugar phosphotransferase (PTS) system; kb, kilobase(s) or 1000 bp; 
nt, nucleotide(s); kDa, kilodalton(s); Lep(EC), type I signal peptidase of 
E. coli; Lep(ST), type I signal peptidase of Salmonella typhimurium; 
oligo, oligodeoxyribonucleotide; ORF, open reading frame; PCR, poly- 
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signal peptidase. 
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characterisation of a second SPase-like gene sipS2(BA) 
from B. amyloliquefaciens. We show that the gene is 
transcribed and that it codes for a putative second SPase 
(isozyme) in B. amyloliquefaciens. 
PCR amplification of sipS core DNA by homology. The 
published aa sequence of a B. subtilis SipS(BS) protein [8] 
was used as the basis for the generation of two degenerate 
oligonucleotide primers A and B (Table 1). The PCR 
reactions were carried out using genomic DNA from B. 
amyloliquefaciens strain BE71 (a rifampicin resistant 
derivative of strain ATCC 23 844). A DNA core region of 
approx. 300 bp was specifically amplified using primers A 
and B (Fig. I, Table 1). These PCR products were cloned 
into the pUC18 vector. Several independent clones were 
sequenced. Two different core sequence inserts were found. 
One sequence matches that of putative sipS gene homo- 
logue entry in the EMBL database (EMBL 
GenBank/DDBJ database accession No. Z27458 submit- 
ted by J.M. van Dijl et al., University of Groningen) 
cloned from B. amyloliquefaciens DNA. This putative 
gene will subsequently be referred to as sipSl(BA). South- 
ern analyses [9], with EcoRI and I-IindIII digested ge- 
nomic DNA from B. amyloliquefaciens support he exis- 
tence of the two distinct genes, since two different EcoRI 
and HindIII fragments, of either 9 and 1.5 kb or 4 and 3.5 
kb, respectively, were found to hybridise with our probe 
(results not shown). Here we report the cloning from 
genomic DNA of B. amyloliquefaciens of a candidate 
'second' gene that we have named sipS2(BA). 
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Table 1 
Oligonucleotide primers used for PCR 
65 
Primer name The 5' ~ 3' sequence a Description 
A TT(CT)ATNTT(CT)GCNCCNTA(CT)GTNGT Degenerate primer b 
B TT(GA)TCNCCCATNAC(GA)AA(GA)TA Degenerate primer b 
C AATCTCCCGTCAGGqq'GACTCCC Internal sequence c 
nt 1444-1476 
D TTGCTCGCGAGGTACGGTTCTGC Internal sequence c 
nt 1400-1431 
E GTACCCGACA'I~ACATGACGG Internal sequence c 
nt 1204-1224 
F GAACCGTACCTCGCGAGCAAT Internal sequence c 
nt 1403-1423 
Uni 1 GTITrCCCAGTCACGAC Universal sequencing 
primer for pUC 18 
Uni2 GTAAAACGACGGCCAGT Univeral sequencing 
primer for pUC 18 
a The nt in parentheses show the alternative, N denotes an inosine residue. The primers were made on an Applied Biosystems 390 Oligonucleotide 
Synthesizer. 
b Degenerate primers are designed for the conserved or hydrophobic region of SipSI(BS) from B. subtilis [8] encoding aa 32-40 (primer A) or an 
141-147 (primer B) of this protein. 
c Primers are designed for the core part of SipS2(BA) (see Fig. 5) that was deduced from the PCR amplified core DNA fragment using the degenerate 
primers A and B (Table 1) aJad genomic B. amyloliquefaciens DNA as template. Primer positions correspond to the nt sequence of the B. 
amyloliquefaciens sipS2(BA) gene region as shown in Fig. 2 of this paper. 
Cloning of the sipS2(BA) gene homologue from B. 
amyloliquefaciens. We were unable to clone the sipS2(BA) 
3.5 kb fragment DNA into E. coli by eluting it from 
agarose gels and ligating it into Hind III cut pUC18 vector 
DNA (a l ikely reason for this is discussed later). We 
therefore attempted to clone the proposed sipS2(BA) gene 
by using the RAGE protocol for PCR cloning [10]. The 
PCR products of  the two reactions using the ' forward'  or 
' reverse'  primers CD or EF, respectively, in combination 
with the universal primers Un i l  or Uni2 (Table 1, Fig. 1), 
were either 1.5 or 0.5 kb in size. These fragments were 
subsequently c loned and sequenced. The two PCR frag- 
ments overlapped with the core DNA fragment A-B for 
about 250 and 60 bp, respectively (Fig. 1). This al lowed us 
to reconstruct a 1914 bp DNA fragment,. The sequence of  
which is shown in Fig. 2. In order to conf irm the existence 
of  an identical segment in the chromosome, suitable primers 
were made and the expected DNA fragment was indeed 
amplif ied from genomic DNA of B. amyloliquefaciens 
(results not shown). The complete ORF2 started with 
codon TTG at nt 1049 and terminated with a stop codon 
TAA at nt 1628 (Fig. 2). As expected, the deduced 193 
aa-protein exhibited striking homology to the SipS protein 
of  B. subtilis as well as to other Bacillus type I SPases 
(Fig. 3, Table 2). Therefore, we conclude that we have 
cloned of a second sipS gene homologue from B. amy- 
Eco RI fruA~BA) s/pS2(BA) Eco RI Hindlll 
T I I I I 
1 1914 
1.9-kb 
O.3-kb 
s'- gmem 
i~ 1.5-kb 
E_.. F_.. 
0.5-kb 
3"-fragment 
Fig. 1. Cloning strategy according the RAGE protocol [10] is illustrated. Position of the PCR primers A and B used to amplify either the sipS-core DNA 
and the relative orientation of the 'forward' and 'reverse' primers CD and EF that were used to amplify the 5'- and 3'-fragments for ahernative PCR are 
indicated by arrows (see Table 1). The sipS-core DNA fragment (A-B) as well as the products of the alternative PCR are shown by shaded bars. The PCR 
fragments were cloned using the pMOSBlue T-vector kit (Amersham Life Science) and sequenced as described in Fig. 2. A tentative restriction map of the 
reconstructed chromosomal segment and the extension of corresponding ORF regions (shown as dark boxes) are proposed to encode the sipS2(BA) gene 
downstream of or fruA gene homologue in B. amyloliquefaciens (see Fig. 2). 
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loliquefaciens. A comparison of the putative gene revealed 
striking similarity to the known B. subtilis sipS(BS) gene 
for a putative RBS (GGAGG), their spacing by 10 bp 
down to the translation start codon that was in every case 
TI'G. 
It was interesting to note that a second incomplete ORF 
consisting of 304 codons exists 74 nt upstream from the 
sipS2(BA) ORF (Fig. 2). The deduced protein sequence 
exhibited 46% identity to enzyme-II of the E. coli fructose 
specific phosphoenolpyruvate-dependent sugarphospho- 
transferase (PTS) system encoded by the fruA gene [11]. 
Althougth the fruA gene of B. subtilis has not yet been 
isolated, the fruAfruB genes have been mapped to a 
position close to the ptsl locus encoding the enzyme-I of 
G~CA~CAGC~ATCCGAAAGACCCGACATAT~CACGT~GCTGCAGCGCTG~CT 60 
I H S A D P K D P T Y N T F A A A L N  
~ATCGGCAGCGAC~CG~AAAAC~ATTGTTGCAGT~GCCGGATTCAT~C~I20  
F I G S D N A L K L I V A V L A G F I A  
~AGTA~GCGGACC~C~GATTTGC~CGGGTATGGTCGGCGGA~A~GCTACGC 180 
M S I A D R P G F A P G M V G G F M A T  
AGGCG~CCGGA~C~AGGCG~CT~TTGCCGGA~C~AGCCGG~ATG~GTGA240 
Q A N A G F L G G L I A G F L A G Y V V 
TCC~TGAAAGC~CG~ATCCCTCAG~TC~ACGGA~AAAACCTGTAT300 
I L L K K L F V F I P Q S L D G L K P V 
~A~TACCC~TAC~GGTATTTTTA~ACAGGTGTCC~ATGCAG~CG~ATT~CA360 
L I Y P L L G I F I T G V L M Q F V I N  
CACC~TAGCAGCG~ATG~TTTC~C~GGC~G~C~GG~CAGGCA420 
T P V A A F M N F L T N W L E S L G T G  
ACC~GTTTT~TGGGTA~AT~TAGGC~TATGATGGCTA~GACATGGGCGGCCCGC 480 
N L V L M G I I L G G M M A I D M G G P 
~TAAAGCGGCG~AC~CGG~CGA~TCGATGCCGGAAACTATGCGCCGC 540 
L N K A A F T F G I A M I D A G N Y A P 
ACGCTGCCATCA~GCAGGCGG~TGG~CGCCGC~GG~GCACT~CGAC~CAT 600 
H A A I M A G G M V P P L G I A L A T T  
TCTTTAGACACAAAT~TCT~CG~ACCG~GCCGGTA~ACG~CTACTTCATGG 660 
F F R H K F S K R D R E A G I T C Y F M  
GAGCCGCTTTCG~A~G~GGCGCTATCCCG~GCAGCGGCTGATC~CGCGTCATCC 720 
G A A F V T E G A I P F A A A D L R V I 
CTGCAGCCG~ATCG~C~CGGTAGCGGGCGGAC~ACAG~TTTTTCCGGGT~CGC 780 
P A A V I G S A V A G G L T E F F R V T  
~C~GCACCGCACGGAGGAGTA~G~GCA~CATTACG~TCATCCGCTGC~TACT 840 
L P A P H G G V F V A F I T N H P L L Y  
TA~GAGCA~G~TCGGAGCGA~GTGACGGCGG~ATCT~GG~ATCAAAAAGC 900 
L L S I V I G A I V T A V I L G I I K K  
CGGTTG~GAGAAAT~GCAAAAAA~GCCC~GGGCGCTTTTT~ATATACG 960 
P V E E K  
-35 -I0 
CATAG~GCG~A~TA~AT~AG~TGAT~GTAAAGA~GTACATG~CTGI020 
~CAGTGA~G~TAGGAGG~CCACGTTGAC~G~CAAACCTAC~TGAAAAI080 
M T E E Q K P T S E K  
ATCGGTAAAAAGAAAATCC~CGTA~G~GG~GGCCA~A~ATAGCAGT1140 
S V K R K S N T Y W E W G K A I I I A V 
CGCAC~C~TGTT~CGCCA~CCTGT~G~CCGTAC~AGTGG~GGATCATC 1200 
A L A L L I R H F L F E P Y L V E G S S  
~TACCCGACA~ACA~ACGGTG~CGGCTG~TGTC~CAAAAGCG~TTATAT1260 
M Y P T L H D G E R L F V N K S V N Y I  
C~CG~TCGAGCGGGGGGACA~GTCA~A~CGGCGATACATCG~GTCCA~A 1320 
G E I E R G D I V I I N G D T S K V H Y  
TGT~GCGGC~ATCGGAAAACCGGGAG~CGGTTG~TGAAAAATGACACGCT~A 1380 
V K R L I G K P G E T V E M K N D T L Y  
TAT~CGGCAAAATCGCAG~CCGTACCTCGCGAGC~TAAAAAAG~GCGAAAAA 1440 
I N G K K I A E P Y L A S N K K E A K K  
AC~GGAGTC~CCTGACGGGAGATT~GGCCCCGT~GGTTCCG~GGCAAATACTT 1500 
L G V N L T G D F G P V K V P K G K Y F  
CGTCATGGGCGAC~TCGGCTG~C~T~ACAGCCGG~CGGACTCGGTTT~TTGC 1560 
V M G D N R L N S M D S R N G L G L I A  
CGAAAACCGGATCGTCGGCACC~G~GT~GTGTTCTTCCCGTTTCATGATATGCGTCA 1620 
E N R I V G T S K F V F F P F H D M R Q  
GACAAAATAAAAACGC~CGCTGCCCGATTCG~CGGC~GCGTTTT~ATTTGGC~C 1680 
TK  
GAGGCGGCGATGGCGATG~C~TACCGT~CCAGCACTGATCCGAC~TAGCCAG~CG 1720 
CTGATAAAAAGA~CGCCTGCTGC~TCT~GCCGCGTT~TC~GCATCCGTTTTG~ 1780 
AAAAGA~CGAG~CGTAT~AGGGCGA~CCGACGTAC~GCC~TGTCACGTGCC 1840 
GT~GCCTGTGACGGCCAGAAAAACCCCGGT~GAAAATCAT~GACAGTA~CTGTG 1900 
AGTGTTAAAAGC~ 1914 
Fig. 2. The nt sequence of a 1914 bp DNA fragment of B. amyloliquefaciens and the derived aa sequences. The complete ORF2 encodes the putative 
SipS2(BA) protein. Sequencing was performed with the Sanger dideoxy method using the AutoRead Sequencing Kit on double stranded DNA. The 
sequencing reactions were analysed on an automated laser fluorescent sequencer (A.L.F., Pharmacia Biotech Europe GmbH). The nt sequences of the PCR 
amplified overlapping 5'- and 3'-fragments (as shown in Fig. 1) have been confirmed on at least three different cloned fragments. The deduced ORF starts 
from translation initiation codon TTG (nt 1049) and ends with stop codon TAA at nt 1628. A putative RBS and proposed promoter boxes are underlined. A 
13 bp-dyad forming a stem-loop structure is marked by arrows. The ORF would encode a 193 aa-protein of about 21 kDa. The nt sequence has the EMBL 
GenBank/DDBJ databases accession No. Z33640. 
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Fig. 3. Northern blot analysis of sipS2(BA) mRNA from B. amylolique- 
faciens. Total RNA was isolated from exponential phase and early 
stationary phase cultures grown in Schaeffer sporulation medium [15,16] 
at 37°C. Approx. 10 /.Lg of total RNA was electrophoresed on 1% 
agarose/formaldehyde gel and transferred onto supported nitrocellulose 
filters (Hybond C-super, Du Pont) and fixed by baking at 80°C. The 
probe labelling and the hybridi:iation were performed using an nick 
translation kit and rapid-hyb uffer (Amersham Life Science) according 
the instructions of the manufacturer. Ethidium bromide staining of the gel 
was performed to verify that equal amounts of RNA were present in each 
lane. Legend: Lanes A and B were probed with sipS2(BA) or sipSl(BA) 
core DNA, respectively. The lane 1 and 3 contain RNA from exponential 
phase, and lane 2 and 4 RNA from late exponential phase grown cultures. 
the B. subtilis PTS [12,13]. The FruA proteins are mem- 
brane-bound proteins. Whether the sipS2(BA) gene is 
closely linked to the fruA gene in B. amyloliquefaciens 
and other Bacilli remains to be determined. 
Northern blotting and E. coli sipS2(BA) gene expres- 
sion. Northern blots were performed using RNA isolated 
from either exponential or late exponential phaseB, amy- 
loliquefaciens cultures. The core DNAs for either 
sipSl(BA) or sipS2(BA) were used as probes (Fig. 3). The 
Table 2 
The degree of homology between the aa sequences of different Bacillus 
SipS proteins a
Protein: SipSI(BS) SipSI(BL) SipSI(BA) SipS2(BA) 
SipS I(BS) - 69 83 68 
SipSI(BL) 78 - 69 73 
SipSI(BA) 90 79 - 66 
SipS2(BA) 77 80 76 - 
a The upper right-hand triangle gives the percentage of identical aa in a 
pairwise alignment, and the lower left hand triangle gives the correspond- 
ing values for identical plus chemically related aa residues. The compar- 
isons were performed as described in the legend of Fig. 5. The abbrevia- 
tions BS; BL, BA1 and BA2 are used for the SipS proteins of B. subtilis, 
B. licheniformis and of B. amyloiiquefaciens a  for Fig. 5. 
kDa 
43-  
29-  
18.4  - 
3 
w 
o 
m 
Q 
I 
I 
m 
w 
a 
a 
M 
I 
I 
-N 
Fig. 4. Expression of the putative sipS2(BA) gene under the control E. 
coli using the Pspac promoter. A DNA fragment encoding the promoter- 
less gene sequence from nt 1005 to nt 1812 (Fig. 2) was PCR amplified 
from chromosomal DNA of B. amyloliquefaciens and cloned into vector 
pSPAC [14]. After transformation in E. coli DH5a [12], cells were grown 
in complex medium TBY [17] and either induced by IPTG (50 /.tM) in 
the exponential phase or not induced and grown for another 3 h at 37°C. 
The cells were harvested, sonicated and the soluble fractions (15 /xl) 
applied to 10% SDS/PAGE gels [18]. The lanes 1 and 2 contain the 
proteins of an induced and non-induced culture, respectively. In lane 3 a 
sonicated cell extract of a control culture (without sipS2(BA) insert) was 
loaded. The standard proteins used were from Gibco BRL (Life Tech- 
nologies Inc.). The arrow indicates the position of the putative SipS2 
protein. 
hybridisation signals indicated that both genes were indeed 
functional and transcribed at quite different expression 
levels from monocistronic transcription units (Fig. 3). To 
investigate this further we fused the minimal coding region 
of the putative sipS2(BA) gene (without putative promoter 
elements) downstream from the Pspac promoter in the 
pSPAC vector [14] and transformed this construct into E. 
coli. After induction with IPTG, an additional protein band 
of about 21 kDa appeared in SDS-PAGE gels of sonicated 
cell extracts (Fig. 4). We ascribe the presence of this 
protein in SDS-PAGE gels of extracts from non-induced. 
cultures to leakyness of the Pspac promoter in E. coli 
[14]. The molecular weight of the inducible protein was 
close to that expected for the putative SipS2(BA) protein 
deduced from nt sequencing (Fig. 5). We therefore propose 
the existence of at least two type I SPase isozymeS in 
Bacillus amyloliquefaciens, that are encoded by genes that 
did not cross-hybridise after Southern blotting (data not 
shown). Whether the two proteins have specialised func- 
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SipSl(BS) 
SipSI(BAI 
SipSI(BL) 
SipS2(BA) 
SipSl(BPu) 
MKSEN--VSKK ...... KSILEWAKAIVIAVVLALLIRNFIFAPYVVDGD 
MKSEKEKTSKK ...... SAVLDWAKPI I IAVVLAVLIRNFLFAPYVVDGE 
MTEEKS-TNKK ...... NSLFEWVKAI I IAVVLALLIRAFLFEPYLVEGT 
MTEEQKPTSEKSVKRKSNTYWEWGKAI I IAVALALLIRHFLFEPYLVEGS 
........................................... PYVVEGT 
o .  . . . . . . .  o o • o • . 
SipSl(BS) 
SipSI(BA) 
SipSI(BL) 
SipS2(BA) 
SipSI(BPu) 
811YPTLHNRER~YI  GEFDRGDIVVLNGD - -DVHYVKRI IGLPG 
8IlEPTLHDRERI FVNMTVKYI SDFKRGQIVVLNGE - -NEHYVKRIIGLPG 
811DPTLHDGERLFVYKTVRYVGEFKRGD IVI IDGDEKNVH~IGLPG 
811YPTLHDGERLFVNKSVNYIGEI ERGDIVI INGDTSKVHYVKRL IGK pG 
8NDPTLHNTERVFVNKTVDYFGDYKRGQI IVLDGEDRSTHYVKRLIGL PG 
• . o .  . o  , • o o o o  . • 
SipSl(BS) 
SipSl(BA) 
SipSI(BL) 
SipS2(BA) 
SipSI(BPu) 
DTVEMKNDQLYINGKKVDEPYLAANKKRAKQDGFDHLTDDFGPVKVPDNK 
DTVQMKNDQLYINGKKVSEPYLAANKKKAKQDGYT-LTDDFGPVKVPDDK 
DTVQMKDDTLYINGKKVSEPYLSENRKEAEAVGVK-LTGDFGPVKVPEGK 
ETVEMKNDTLYINGKKIAEPYLASNKKEAKKLGVN-LTGDFGPVKVPKGK 
DKIEMKNDQLYVNGKKVAEPYLAFNKKKAAADG-TLLTPDFGPLTVPKGK 
• o o o  . o o .  o o . o  o o  
SipSl(SS) 
SipSI(BA) 
SipSl(BL) 
SipS2(BA) 
SipSl(BPu) 
YFVMGDIIRRNSMDSRNGLGLFTKKQIAGTSKFVFY PFNEMRKTN 184aa 
YFVMGDIIRRNSMDSRNGLGLFTKKQIAGTSKFVFFPFNE IRKTK 185aa 
YFVMGDNRQRSMDSRNGLGLIDKKRVAGTSQFVFFPFNEIRKTD 186aa 
YFVMGDNRLNSMDSRNGLGLIAENRIVGTSKFVFF PFHDMRQTK 193aa 
YFVMGD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112aa 
• . . . . o o  o • o . o  
Fig. 5. Alignment of the deduced aa sequence with the sequences of other of the SipS-like proteins identified in B. subtilis 168 [8], B. amyloliquefaciens 
ATCC 23844(BE71), B. licheniformis ATCC9789 (Hoang, V. and Hofemeister, J. unpublished data), or deduced from the nt sequences of a sipS-core 
DNA of B. pumilus train B68 (Hoang, V. and Hofemeister, J. unpublished data). In this alignment the 'core' sequences are represented by the extension 
of the B. pumilus SipS I(BPu) sequence. Asterisks (*)  represent identical and dashes (-)  similar aa residues. The aa's printed in bold letters are strictly 
conserved in known SPases [4,6]. The alignment was done with the CLUSTAL program from the PC Gene program package. The EMBL GenBank/DDBJ 
databases accession umbers for the nt relevant sequences used in the comparisons are: Z11847-SipS I(BS), Z27458-SipS I(BA), Z33640-SipS2(BA), and 
C75604-SipS I(BL). 
tions during the processing of secreted proteins is now 
under investigation. 
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